INTRODUCTION
The apparent regulation of population size in seabirds has been a topic of recent research by several ornithologists (e.g. Ashmole, 1963b; Harris, 1969a, b, c; Nelson, 1965 Nelson, , 1966 Nelson, , 1969a Rowan 1965; and Lack, 1968) . These authors theorize that major limiting factors are either availability of food or nest space and that consequently a direct or indirect extrinsic influence on population size exists through selected regulation of clutch-size, mortality, deferred maturity, long parental care, long breeding cycles, and social behavior. In contrast, Wynne-Edwards (1955) suggests that colonial seabirds have intrinsic responses to varying food supply and that by collective social mechanisms they maintain population sizes compatible with existing food supply. He further suggests one method of maintaining appropriate numbers is through regulation of colony size, and he implies that this regulation is often enforced by established breeders preventing young individuals from securing and utilizing space in a colony (1962: 557). Ashmole (1963b) argues that the Wynne-Edwards hypothesis requires limited nesting space or defense of unoccupied areas in colonies that are not filled to capacity. He believes (1963b) that it is more likely that a densitydependent variation of recruitment rates of young adults into the breeding population exists, and that the recruitment rate is likely to be mediated by competition for food round the colony.
Critical to any study of population regulation is knowledge of breeding ages, or specifically whether deferred maturity exists, and if so, whether it plays a role in population regulation. The major objectives of this report are to present such information for the Sooty Tern (3'terna fuscata) based primarily on observations of its breeding on a tropical Pacific island, and to discuss certain factors that may influence initial breeding ages. The Sooty Tern is especially suitable for several reasons: it is a tropical oceanic species, inhabiting an environment known to be of low productivity (Odum, 1971) where food is believed to be scarce or hard to catch (Lack, 1968) , it usually breeds in large colonies, is long-lived (Clapp and Sibley, 1966; Austin, Ms), and, as will be shown in this study, has a long period Condition of the brood patch, molt, time of day to the nearest hour, location on the island, and any unusual individual characteristics were recorded for most of the birds, and most were released within a minute of capture. All statistical analyses included below are by Chi-square tests with one degree of freedom. Chi-square values less than 3.84 are not considered statistically significant (P > .05), values from 3.84 to 6.63 are considered significant (P < .05), and those values exceeding 6.63 are considered highly significant (P < .01).
RESULTS

Immigration and Population Maintenance
The maintenance of populations in seabird colonies requires recruitment either of natal birds or birds native to other islands.
The POBSP banded slightly over 1,000,000 Sooty Terns at Johnston Atoll and all other major colonies within 2,000 miles of Johnston. This effort provided a unique opportunity to ascertain which method of recruitment is most important. Between 1963 and 1971 more than 10,000 banded Sooty Terns were captured at Johnston Atoll, and only 118 of these had been banded at other islands. Of these 118 immigrants, 10 were recorded as breeding on Sand Island (Table 3) colonies. The circumstances of capture for the remaining 108 suggest they were not breeding at Johnston. Virtually all were known to be young birds and perhaps had yet to breed anywhere. From these observations I conclude that at Johnston Atoll immigration is a negligible source of breeding recruits and that the most important source of new breeding terns, by far, is natal birds.
Age of First Breeding Although more than a million Sooty Terns have been banded in' the Pacific and the Gulf of Mexico, and literature regarding their breeding is extensive, no one has established the ages at which the species first breeds. Part of the difficulty in establishing this aspect of behavior is that no external morphological feature identifies a breeding individual. Even the presence of a brood patch, which is considered proof of breeding in many bird species, is useless as nonbreeding Sooty Terns often have bare brood patches (see below).
Starting in 1966, I captured banded Sooty Terns at Johnston in order to obtain a large sample of known-age birds. It soon became clear that my two methods of netting, on the ground and in the air, were sampling different age groups. Unknown-age, breeding adults were preponderant among the birds caught on the ground, while known-age birds, most of which subsequently proved to be nonbreeding, were captured mostly from the air.
A few plumage characteristics suggest young age in Sooty Terns, the best of which is the presence of feathers with pale edges in the black dorsal plumage or feathers with dark edges in the white ventral plumage or on the forehead. Unfortunately this speckling is uncommon, at least at Johnston Atoll. (Table 4 , column 1) suggests that many more Sooty Terns mature at age 5 than at age 4. The actual number of 6-year-olds captured on eggs was even larger, but the number of 7 and 8-yearolds declined (Table 4) . Comparing the actual numbers of breeding terns of known-age, as done above, ignores two important factors: the number of chicks banded and mortality with time. The first of these variables is eliminated if the number caught incubating is expressed as a percentage of the number banded. By this method (Table 4 , column 2) a more pronounced trend towards increasing numbers of older birds incubating exists. This percentage method continues to ignore mortality through time as well as differential mortality of different year classes. I have not devised any method using the total number of terns banded to compensate for mortality.
122] B. •l. Harrington
Bit&Banding Spring 1974 A method of measuring the integration of known-age birds into the breeding population suggested by William B. Robertson, Jr. (pers. comm.) uses combined numbers of known-age birds captured in the air and incubating as the total sample. The basis for using this measure is the fact that Sooty Terns return to their natal colony several years prior to their first breeding. I first suspected this to be true by comparing ages of banded birds netted from the air and on eggs and found that most of the younger, known-age Sooty Terns were captured in the air as opposed to on eggs. To verify that most birds captured in the air were not breeding, in 1968 I observed almost 1,800 known-age Sooty Terns caught from the air and marked with conspicuous plastic streamers. Not one of these birds was seen on an egg despite intensive search.
The method of using returnees of various year classes as the total sample minimized mortality as a factor in quantifying the fraction of different age classes that breed. By this method an ever increasing percentage of birds ages four through eight were caught incubating eggs ( • Totally abandoned before 18
March, new eggs in April.
•1 I:ggs laid In May. Observations in years prior to 1971 suggest that nest success is affected by nest habitat, and also that young adults often are relegated to nesting in the poorer, more open and featureless areas. Therefore, comparing breeding success between the seemingly poor, featureless, natural habitats, and the seemingly better featured, natural habitats may actually compare nest success of different aged birds, for as already mentioned, the age of birds breeding in different habitats apparently varies. Therefore I tested the effects of habitat quality on breeding success by manipulating surface features on three contiguous 9m 2 plots, all of which were ultimately used by birds laying between 1-3 April and therefore presumably of similar breeding experience. The three plots were cleared of all major surface features prior to laying. One was ]eft bare, in another 120 plastic stakes were aligned in rows, and in the third 100 rocks about the size of oranges were scattered approximately every 900cm 2. The results of this experiment suggest a major source of nest failure is egg-abandonment (Table 6 ), and that abandonment is especially frequent on bare ground. The results further suggest that heterogeneity of features may increase nesting success (Table 6 ).
Seasonal Variation in Numbers and Arrival Times
of Different Age Groups Although many known-age Sooty Terns captured at Sand Island in 1971 were known to be breeding, most were caught flying over the colony and apparently were not breeding (Table 4 ). My observations also show that the dates when adolescents first visit the colony and the numbers of each age class that visit are age-related, and that in different years the times vary when groups of identical age return. In 1968, I caught about 1,700 known-age terns from the air, but despite intensive netting of incubating and standing birds, only 31 were captured on the ground, none of which was on eggs. Few of the known-age birds captured in 1968 were netted prior to 30 April even though intensive netting from the air was begun on i March. Numbers of known-age birds captured increased slowly in early May, and rapidly after 15 May (Fig. 3) , a date that corresponds to the approximate date when chicks began to fly. The frequencies of active brood patches seem to vary not only between age classes, but also among certain groups within identical age classes. For example, adolescents with traces of immature speckled featbering in the plumage have lower frequencies of active brood patches than unspeckled birds (Table 8) . Similarly, adolescents having arrested primary molt (i.e. having all primaries full-grown, but proximal feathers distinctly newer than distal feathers) have lower frequencies of active brood patches ( The Relationship of Age During Colony Visits to Subsequent Breeding Age In preceding sections I have shoxvn that the frequencies of active brood patches, speckled plumages, arrested molt, and ages at which adolescents first return to Johnston Atoll are all age-related. This suggests that these traits probably are related to different degrees of physiological maturity, and that the variation exhibited within specific age classes reflects variable rates of maturation. One of these traits, the development of active brood patches, is known to be influenced by reproductive hormones in at least one larid (e.g. Larus atticilia, Segr•, 1965) and reproductive hormones have well known influences on brood patches in many other bird species (Jones, 1971). Because of the variable degrees of physiological maturity that apparently exist within adolescent age classes (e.g. Tables 8 and 9), it is difiqcult to verify statistically a direct relationship between ages when adolescents first visit Sand Island and age of first breeding. The data in Table 10 , though suggestive, are not statistically significant (P > 0.05). As noted, I believe the lack of statistical significance is caused by the large variation in degree of maturity that exists within identical adolescent age classes. To minimize this variation I tested for differences in numbers of breeding birds of equal age that when caught at 3 or 4 years of age in 1967 or 1968 had either active or inactive brood patches. A significantly larger number (P < 0.05) of those that had active patches when caught as adolescents were found breeding in 1969 or 1971 (Table 11) . Similarly, a significantly greater number of birds (P < 0.05) that were caught standing on the ground when adolescents were found breeding in 1969 or 1971 than birds that were caught only in the air when adolescents (Table 12) .
In summary, my data suggest that a correlation exists between ages of first breeding and ages of first colony visits, for I have shown a relationship between age and active brood patch frequencies, and between adolescent brood patch activity and breeding age. (Fig. 4) show that numbers of birds approaching the colony were highest before 10:00 and after 18:00, and that the proportion of marked adolescents to marked adults was highest at these same times (P < .001). From these observations I conclude that most adolescents visit the colony during the evening, but that many also visit during early morning. (Table 14) . Based on observations of streamer-marked birds I suspect most of the twosomes were adolescents whereas single birds were adults. (Table 15) . As the season progresses, younger birds are caught more often in the morning. For example, in May significantly greater numbers of 4-yearolds visit Sand Island in evenings as compared to mornings (P < 0.05), but in August significantly fewer are caught in evenings (P < 0.05). Similarly, in May significantly more 3-year-olds visit in the evening (P < 0.01), but in August roughly equivalent numbers are caught both morning and evening (P < 0.50). Birds visiting in the morning also tend to have active brood patches more frequently than birds of equivalent age visiting in the evening (Table  16) Most adolescents at the colony spend their visiting time flying five to fifteen feet over individually chosen sectors of the island. Many also try to land among breeding birds, but in most cases they are successfully opposed by low intensity threat postures of standing or incubating adults or standing adolescents. Even when successful, landings are often of short duration, for with slight aggression from the adults young intruders leave. Despite such aggression, adolescents persist in trying to land in breeding areas even though several large and unoccupied areas usually are available nearby. A few of these unoccupied areas, and especially a road running through the middle of the colony (Fig. 2) , are used for standing by some adolescents, but only by a small percentage of those visiting the island. These observations are supported by data collected from banded birds. For example, 
The time of day when adolescent Sooty Terns visit Sand Island varies with age, season, and apparently with brood patch condition. During May younger adolescents tend to visit in the evening whereas older adolescents tend to visit in the morning
Pre-laying Behavior of Adults
The pre-laying behavior of early laying Sooty Terns at Johnston is similar to that reported for Dry Tortugas (Robertson, 1964 ; Dinsmore, 1972) and other islands (e.g. Ashmole, 1963a). However, certain observations collected from notes of POBSP personnel, and especially Kenneth Amerman, Ralph W. Schreiber, and Philip C. Shelton, and my own personal observations at Johnston and Dry Tortugas, give additional details of pre-laying behavior relevant to topics discussed below.
In Sooty Tern colonies researchers have commonly found protracted periods of group aerial behavior two to three months prior to egg-laying (e.g. Ashmole, 1963a). Discreet flocks, which are small during early phases but may number many thousands later, swarm near the shore of nesting islands in the evening or at night. After dark these swarms may move over the island, but no birds land until about a month after first swarming. As the season progresses swarms begin appearing near shore in late afternoon, and move over the island at night, and many birds land. Usually most birds depart between 02:00 and 04:00 except for a short period before the beginning of egg-laying when birds remain on the island until dawn or shortly after. While on the ground at night during this and later phases of breeding, aggressive behavior between neighboring birds is infrequent (Ashmole, 1963a; personal observations).
The first day on which more than a few Sooty Terns remain on the island much after dawn is also the first day on which appreciable numbers of eggs are laid (pers. obs.). But still, most birds leave at Soon after initial seasonal egg-laying, swarming behavior stops.
At Dry Tortugas I saw no swarming after the first day on which more than a few eggs were laid, and Dinsmore (pers. comm.) also recalls that swarming stopped soon after laying began. Yet at all colonies I have observed, laying continues long after swarming stops.
My observations show that many birds that have not laid eggs visit the colony island at night (Table 18 ). Many of these arrive at the island in late afternoon, but instead of forming swarms offshore, fly directly to the island and either land near or fly over birds that have already laid eggs. Thus, it appears that after laying begins, birds that have not laid eggs do not form aerial swarms, but rather are attracted to groups of birds that already are on the ground at the island.
Since Sooty Tern swarming behavior usually stops soon after first appreciable numbers of eggs are laid, it is possible that late breeders never participate in this activity. Most adolescents using the same roosting area were less aggressive than the young adults. While they frequently "Paraded" (see Palmer, 1941) with other adolescents, and often attempted copulation, they rarely defended an area and were easily supplanted, even by other, and usually older, adolescents.
After the roost phase of courtship most pairs of young adult Sooty Terns move to areas where other young pairs are establishing nest sites. Here they engage in intense aggression with neighbors which is typified by frequent "Crouch" posturing, physical fighting, and nest-scraping. Fighting continues until the egg is laid one to three days later. During nest establishment, pairs fight for small territories at many sites over a large area, make many nest-scrapes, but apparently do not establish a permanent nest site until the single egg is laid.
The above behavioral observations together with information gained from banding, suggest that young Sooty Terns must pass at least four stages before first breeding: (1) returning to the colony, (2) landing, (3) obtaining and defending a territory within a standing area, and (4) Robertson (1969) suggests that Sooty Terns have severe intraspecifie competition for nest sites, and that young birds may ultimately leave more offspring by delaying return to the colony until better able to compete for suitable nest sites. In short, several indications suggest that birds having deferred maturity may be physiologically capable of breeding at younger ages than they normally breed, but that social behavior delays breeding. For reasons described below, I believe a combination of social and physical factors contribute to the delayed breeding ages found in Sooty Terns.
A major conclusion from this study is that many young Sooty Terns return to natal colonies for one or more years before breeding. Ainley (1973a) suggests young penguins return to natal colonies as a consequence of partial reproductive development of the hypothalamie-hypophyseal endocrine mechanism. Like penguins, the age-related development of brood patches in Sooty Terns probably indicates endocrine activity, and although not discussed in this report, the enlargement of gonads and accessory ducts (personal Another source of variation of maturation rates appears to result from the response of adolescents to social events that occur while they are visiting the colony. For example, the birds known to land at young ages apparently bred at younger ages than those birds not known to land at young ages. However, what causes adolescents to land remains unknown. When breeders are present they usually prevent adolescents from landing in breeding areas, and older adolescents usually prevent younger adolescents from landing in standing areas. Therefore, it appears that the behavior of birds on the ground is sufficiently aggressive to intimidate young birds and older birds with inactive brood patches. The fact that older adolescents, and usually those with active brood patches, are the birds that appear best able to enact and tolerate aggression in standing areas suggests that landing and remaining in standing areas may be influenced by physiological processes associated with seasonal and/ or age-related maturation. In adult and immature Herring Gulls, Larus argentatus (Boss, 1943) and Laughing Gulls (SegrS, 1965) aggressive and submissive behavior is known to change with experi.-mental injection of certain reproductive hormones, which in the case of the Laughing Gull also are known to cause brood patch activity. But still, these observations do not explain why the youngest adolescent Sooties do not land on vacant portions of the island. My behavioral observations suggest that birds trying to land are attracted to other birds on the ground, but I have not obtained observations explaining why. Regardless, the sum of the above observations suggests that Sooty Terns that land are somehow more mature than those that do not land.
In the above discussion I have shown that landing by young Sooty Terns probably is affected by the presence and behavior of breeders and older adolescents on the ground. The information presented below suggests that the number of young adults that breed may be influenced by experienced breeders in a similar manner. It has already been shown that the number of young adults that breed at Sand Island may vary in different years (Table 13) (1) they used areas that had been wholly unoccupied since midMarch, (2) almost half of the birds were known to be young, (3) nesting was in distinct groups, and (4) they chose areas where some new vegetation was sprouting. I suspect it is especially significant that virtually none of the late-layers nested where older birds were nesting even though these areas contained large numbers of individual sites that had been abandoned during March (Fig. 2) . These observations also suggest that if sufficient suitable areas are not available for late groups, young birds may not breed.
In conclusion, available evidence from this study at Johnston Atoll suggests that both adolescent landing behavior and the number of young adult Sooty Terns that breed in a given year are influeneed by aggressive behavior and probably numbers of experienced breeders. A variety of observations hint that the responses of young birds to the aggression could vary in a density-dependent manner. their natal colony, but not until they are at least two years old, and usually not until four or five years old. The number of adolescents that visit is age-related, and the time of visits within a breeding season also is age-related. Most two-year-olds return after adults have finished breeding whereas non-breeding five or six-year-olds return earlier, or about one to two months after most eggs have been laid. While visiting natal colonies, adolescents often attempt to land among breeding adults, but they appear to be prevented from doing this by aggression from the adults. Thus, the majority remain flying over the colony, but some, and especially older birds, land in nonbreeding areas. The majority of adolescents that land, as well as many of those in the air, appear to be in breeding condition. As regards breeding, young adults nest later than experienced breeders, tend to group with neighbors of similar breeding experience, usually have similarly inexperienced mates, and often nest in less desirable habitat than experienced breeders. Maturation rates as measured by initial breeding ages, are highly variable, differ between years, and are not rigidly age-related. Available evidence further suggests that even though unidentified environmental andJ or genetic events occurring years before initial breeding may affect age of first breeding, other events, possibly relating to availability of suitable nesting space, also affect the number of young birds that breed in any given year.
SUMMARY
